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Abstract
Background: Obesity is a common health problem in the world and the purpose of this study was to identify the trend of overweight, 
REHVLW\DQGVWXQWLQJDPRQJFKLOGUHQXQGHU¿YHIURPWRWKDWZDVFDUULHGRXWLQWKUHHVWDJHVLQWKHYLOODJHVRI*ROHVWDQSURYLQFH
LQWKHQRUWKHUQ,UDQVRXWKHDVWRIWKH&DVSLDQ6HD
Methods: Three cross-sectional studies with sample sizes of 7575, including 2339, 2749 and 2487 cases were carried out in 1998, 2004 
DQGUHVSHFWLYHO\$PRQJYLOODJHVZHUHFKRVHQE\UDQGRPVDPSOLQJDQGDOORIWKHXQGHU¿YHFKLOGUHQLQWKHVHYLOODJHVZHUH
assessed. For all subjects, a questionnaire was completed and anthropometric indices were measured. Z-score was used for body index 
FODVVL¿FDWLRQZLWKIROORZLQJFDWHJRULHV=6' 1RUPDORUXQGHUQXWULWLRQ!6'=6' 2YHUZHLJKWDQG=!6' 2EHVLW\P-value 
XQGHULQGLFDWHGVLJQL¿FDQFH
Results: ,QDQGWKHSUHYDOHQFHRIRYHUZHLJKWZDV&,±&,±DQG&,
±WKDWRIREHVLW\ZDV&,±&,±DQG&,±DQGWKDWRIVWXQWLQJZDV
&,±&,±DQG&,±UHVSHFWLYHO\ ,QER\VWKHPHDQRIKHLJKWZDVVLJQL¿FDQWO\
GLIIHUHQWLQDOODJHJURXSVZKLOHWKHPHDQRIZHLJKWZDVVLJQL¿FDQWRQO\DWDJHV±±DQG±PRQWKVP < 0.005 for all). In girls, 
WKHPHDQRIKHLJKWVLJQL¿FDQWO\GLIIHUHQWIURPPRQWKVDJHP ZKHUHDVZHLJKWGLIIHUHQFHZDVVLJQL¿FDQWRQO\DWDJHRI±
months (P = 0.002).  
Conclusion: A heterogenic trend was seen in stunting, overweight and obesity. Although short stature was the main cause of obesity in 
H[WUDZHLJKWZDVLWVPDMRUFDXVHLQ5HQHZHGLQFUHDVHRIREHVLW\DPRQJFKLOGUHQXQGHU¿YHLVFRQVLGHUDEOHLQWKHQRUWKHUQ
Iran. 
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Introduction
Worldwide economic growth has been accompanied by an increase in animal fat intake, food availability, low phys-
ical activity and urbanization.1 In many developing 
countries, the acceleration of nutrition transition has led to de-
crease in stunting and increase in overweight and obesity.2,3 
Cross-sectional and secular trends studies indicate a global in-
crease in childhood obesity.4,5 The stunting and underweight have 
reduced from 34% to 27% and from 27% to 22%, respectively  in 
a 10-year period (1990–2000) in children worldwide.2 
It is predicted that obesity will decrease to 22% over the next de-
cade. The global target is to reduce 3.9% of stunting rate per year 
and to reduce the number of stunted children from 171 million in 
2010 to 100 million in 2025.6
It is estimated that 43 million children worldwide (35 million in 
developing countries) are obese or overweight and 92 million are 
at risk of overweight. Obesity plus overweight has increased from 
4.2% in 1990 to 6.7% in 2010.2 However, worldwide estimates 
cannot be used to monitor the regional level.3 
Obesity, metabolic syndrome, hypertension and hypertriglyc-
eridemia have been recognized as the main cardio-metabolic risk 
factors in Iranian children.7,8 Underweight, short stature and obe-
sity (including overweight) were seen in 20%, 6.6% and 14.3% of 
6 year-old children in Iran, respectively9 Among children under-
¿YH LQ WKH:HVW$]HUEDLMDQSURYLQFH LQ ,UDQ WKHSUHYDOHQFHRI
stunting, overweight and obesity was reported to be 7.3%, 1.3% 
and 5.1%, respectively.10 In Tehrani preschool-children, the preva-
lence of underweight, overweight and obesity was 4.77%, 9.81% 
and 4.77% in boys and 4.77%, 10.31% and 4.49% in girls, re-
spectively.11
Among several techniques, anthropometry is an easy method for 
assessing nutritional status in both individual and communities. 
Childhood malnutrition is multifaceted and its etiologies include 
biological, cultural and socioeconomic factors.12 Using free fat 
mass (FFM) as a proper index for estimating body composition 
LQVWHDGRI ERG\PDVV LQGH[ %0, KDV EHHQ VXJJHVWHG LQ¿HOG
studies.13 In addition, preparing a national growth chart has been 
suggested by researcher.14  
The Golestan Province with 1.7 million people is located in 
northern Iran (south east of the Caspian Sea), and 43.9% of its 
population live in rural areas. Agriculture is the main job in vil-
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lages where Persians, Turkmens and Sistanis are the three large 
ethnic groups.15   
Body composition may have been altered by life style and food 
behavior in recent years. Due to little information about the trend 
of secular growth in northern Iran, this paper aimed to describe the 
trend of stunting, overweight and obesity among children under-
¿YHLQUXUDODUHDVLQD\HDUSHULRG'DWDRQWKHWUHQGRIRYHU-
weight and obesity besides stunting will assist the health policy 
makers to establish a suitable prevention program for control of 
cardio-metabolic risk factors. 
Materials and Methods
This paper is the result of three cross-sectional studies that were 
carried out on 7575 subjects in three stages including 2339, 2749, 
2487 cases in 199816 200417 and 2013, respectively. Among 118 
villages, 20 were chosen by random sampling and all of the chil-
GUHQ XQGHU¿YH ZHUH FRQVLGHUHG 7KH FKLOGUHQ ZHUH VHOHFWHG
ZLWKLQKHDOWKFDUH¿OHVDQGZHUHFDOOHGWRKHDOWKKRXVHWRPHDVXUH
anthropometric indices and complete the questionnaire. The vil-
lages were constant in three stages of the studies. With assump-
tion of 40% rate,16 D FRQ¿GHQFH OHYHORIDQGDPD[LPXP
marginal error about 0.02, the sample size was calculated at least 
2304 subjects.
Twenty healthcare staffs were trained as interviewers before 
starting the studies. The interviewers in three stages were the 
same. For all cases, a questionnaire was completed by interview. 
%LUWKGDWHZDVUHFRUGHGIURPWKHKHDOWKFDUH¿OHDYDLODEOHIURP
primary health care system.  
Body-weight was measured to the nearest 0.1 kg in light dress, 
using a balanced-beam scale, and height was measured to the 
nearest 0.5 cm without shoes, while standing up with head, back, 
and buttock on the vertical land of the height-gauge. The height of 
children under 18 months was measured in a lying posture. 
The Center for Disease Control and Prevention (CDC) reference, 
approved by the world health organization (WHO), was used to 
compare anthropometric data. The parameter used for overweight 
and obesity was Weight-for-Height (WFH) as indicator of pres-
HQWDQGSDVWQXWULWLRQ=VFRUHZDVXVHGIRUERG\LQGH[FODVVL¿-
FDWLRQZLWKWKHIROORZLQJFDWHJRULHV=6' 1RUPDORUXQGHU
QXWULWLRQ!6'=VFRUH6' RYHUZHLJKWDQG=6' REHVLW\
Overweight (Weight-for-Age) (WFA) and stunting (Height-for-
$JH+)$ZHUHGH¿QHGDV=!6'DQG=6'UHVSHFWLYHO\18,19
SPSS software (version 19, Chicago II, USA) was used for sta-
tistical analysis. ANOVA and post-hoc Tukey test were used for 
more than two quantities groups and Chi-square test was used for 
qualities groups. PYDOXHXQGHULQGLFDWHGVLJQL¿FDQFH7KH
mothers who did not consent to the inclusion of their children 
in our study were excluded from this study. We used the ENA 
(Emergency Nutrition Assessment) software for anthropometric 
data analysis. 
These studies were approved by the Ethical Research Commit-
tee of Golestan University of Medical Sciences (G-P-35-1112). 
Verbal informed consent was received from all cases. 
Results
In 2013, the prevalence of obesity, overweight (WFH) and stunt-
ing (HFA) was 3.5% (95% CI; 2.5–4.6), 5.3% (95% CI; 4.2–6.7) 
and 16.0% (95% CI; 14.0–18.0) in boys and 3.6% (95% CI; 2.5–
4.6), 5.0% (95% CI; 3.7–6.2) and 15.3% (95% CI; 13.3–17.4) in 
girls, respectively.
The mean of weight, height and Weight-for-Height based on 
age and sex in three studies are presented in Table 1. Compared 
to weight, the variation in height was considerable in both boys 
DQG JLUOV ,Q ER\V$129$ UHYHDOHG VLJQL¿FDQW GLIIHUHQFHV LQ
weight only at ages of 13–24, 37–48 and 49–60 months; how-
HYHUFKDQJHRIKHLJKWZDVVLJQL¿FDQWLQDOODJHJURXSV,QFUHDV-
ing trend of height was greater in 1998–2004 than 2004–2013. 
,QJLUOV$129$UHYHDOHGVLJQL¿FDQWGLIIHUHQFHIRUZHLJKWRQO\
at age of 37–48 months (P = 0.002); however, height differences 
ZHUH VLJQL¿FDQW IURPDJHRIPRQWKV P < 0.01). Height in-
creased more in 1998–2004 than 2004–2013. Tukey’s Post Hoc 
WHVWZDVVLJQL¿FDQWEHWZHHQVWDJHVDQGDQGEHWZHHQVWDJHV
and 3 based on height among all of the age groups (P<0.05 for all) 
ZKLOHZHLJKWGLIIHUHQFHZDVVLJQL¿FDQWRQO\DWDJH±PRQWKV
between stages 2 and 3. 
The prevalence of overweight and obesity based on sex and 
age is presented in table 2. In 1998, 2004 and 2013, overweight 
was prevalent in 8.5% (95% CI; 7.3–9.6), 3.3% (95% CI; 2.7–
4.0) and 5.2% (95% CI; 4.2–6.1) and obesity was prevalent in 
4.6% (95% CI; 3.8–3.5), 1.2% (95% CI; 0.8–1.6) and 3.5% (95% 
CI; 2.8–4.3), respectively. In 2013, the variations of overweight 
DQG REHVLW\ZHUH QRW VLJQL¿FDQW EHWZHHQ JHQGHUV 2YHUZHLJKW
(including obesity) declined by 2% from 1998 to 2004 while it 
increased 0.5% from 2004 to 2013, annually. Totally, the preva-
lence of overweight and obesity in boys decreased by 9.9% from 
1998–2004 (P = 0.001) and increased by 4.8% from 2004–2013 
(P = 0.001). In girls, it decreased 10.6% from 1998–2004 (P = 
0.001) and increased 3.5% from 2004-2013 (P = 0.007). 
Generally, an inverse association was seen between extra weight 
and age. Pearson’s correlation analysis showed that the inverse 
FRUUHODWLRQEHWZHHQDJHDQGRYHUZHLJKWRUREHVLW\LVVLJQL¿FDQWU
= -0.155, P = 0.001).
The prevalence of overweight (WFA) and stunting (HFA) based 
on sex is presented in Tables 3 and 4. The trend of overweight is 
VLJQL¿FDQWO\GLIIHUHQWLQWKHWKUHHVWXGLHVP < 0.001). The preva-
lence of overweight remained unaltered from 1998 to 2004 while 
LW LQFUHDVHG VLJQL¿FDQWO\ IURP WR P < 0.002).  The 
prevalence of stunting changed from 32.8% (95% CI; 31.0–34.6) 
in 2004 to 15.7% (95% CI; 14.3–17.2) (P = 0.001) in 2013.The 
variation of stunting was heterogeneous during the 15-year stud-
LHVDQGWKLV¿JXUHZDVUHFRJQL]HGLQERWKJHQGHUV6WDWLVWLFDOGLI-
IHUHQFHVZHUHVLJQL¿FDQWDPRQJWKHWKUHHVWXGLHVP < 0.001). 
The trends of overweight (WFA), obesity (WFH) and stunting 
(HFA) in three-stage studies are compared in Figure 1. However, 
a descending trend was seen for stunting and obesity in early years 
of study but it turned upward over the next years. A steady rising 
slope was seen in the overweight trend in the 15-year period. The 
interval point of overweight in comparison with obesity and stunt-
LQJLVQRWDEOHDWWKH¿UVWVWXG\LQ
Discussion
In the present study, obesity, overweight and stunting were 
prevalent in 3.5%, 5.2% and 15.7% of subjects in 2013 and the 
GLIIHUHQFHZDVQRWVWDWLVWLFDOO\VLJQL¿FDQWEHWZHHQJHQGHUV$KHW-
erogeneous trend of overweight, obesity and stunting was seen in 
a 15-year period among children in northern Iran.
Our results were compatible with prevalence of stunting in 
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South Khorasan in Iran,20 Pakistan21 and Malaysia,22 while it was 
greater than Iran as a whole,9 as well as some parts of Iran e.g., in 
children under six in Fars province,23 in 2–5 year-old childrenin 
Birjand,24 in rural children in West Azarbijan10 and in preschool 
children in Rasht 25 and Tehran.11 
The prevalence estimates of the present study are not compa-
UDEOHWRDOORIWKHRWKHUVWXGLHVGXHWRWKHODFNRIDVLQJOHGH¿QLWLRQ
for childhood overweight and obesity.      
Some national studies in Iran have reported the obesity as a 
cardiovascular risk factor.26,8 The prevalence of obesity and over-
weight in our area were compatible with West Azarbaijan10 and 
other countries such as Malaysia 22 Bangladesh27 and Pakistan,21 
while it was less than Iran as a whole,9,28 and other parts of Iran, 
for example, Babol29 and Tehran.11 Compared with other studies 
in the world, it was less than Saint Lucia30 and South Africa.31 
Some ethnic groups including Turkmens, Persians (native) and 
Sistanis live in northern Iran and disparity in overweight and obe-
sity was perhaps associated with disparity in various food behav-
iors in these groups. According to the previous study,32 secular 
growth variation has been seen in children of the Golestan Prov-
ince compared with other regions of Iran. Generalizing a longi-
tudinal study in view of socio-demographic factors will help to 
recognize the reasons of these inequalities in our area of study.   
,QRXUVWXG\WKHWUHQGRIREHVLW\DPRQJFKLOGUHQXQGHU¿YHZDV
heterog eneous in a 15-year period. In Saint Lucian children under 
¿YHREHVLW\WULSOHGLQFRPSDUHGWRYV30 
,QDVWXG\DPRQJFKLOGUHQ LQ3HUXRYHUZHLJKWVLJQL¿FDQWO\UH
duced from 1996 to 2011; however, this reduction stopped in ur-
ban settings since 2005.33  A dropping trend of malnutrition34 and 
underweight35 was seen in children of other developing countries. 
A salient decreasing of stunting from 49% to 28% was seen in 
Asian children from 1990 to 2010, which is expected to reduce 
by 19% in 2020.3 Stunting reduced from 22.5% to 11.4% where-
as overweight (including obesity) rose from 6.7% to 9.3% in a 
VL[\HDU SHULRG ± LQ %UD]LOLDQ XQGHU¿YH FKLOGUHQ19 
2YHUZHLJKWLQFOXGLQJ REHVLW\ DPRQJ FKLOGUHQ XQGHU ¿YH LQ
creased from 2% in 1985 to 8.1% in 2010 in China,36 and it de-
clined from 17.1% in 1999 to 14.0% in 2005 in South Africa.37 
Underweight dropped from 10.1% to 8.2% in the past 15 years 
(1996–2011) in Peru.33
Contrary to previous studies, we found heterogeneity in the 
trend of obesity; however, the underlying causes are different in 
three studies. The heterogeneous trend of obesity was mostly re-
lated to height failure in 1998 and extra weight in 2013. In our 
¿QDOVWXG\VKRUWVWDWXUHKDGJUDGXDOO\LPSURYHGEXWZHLJKWJDLQ
was the main cause of obesity. 
The decrease in the prevalence of stunting, wasting and under-
weight may be related to socio-demographic factors, food secu-
ULW\KHDOWKHGXFDWLRQDQGZDWHUSXUL¿FDWLRQWKDWKDYHLPSURYHG
in the last decades in developing countries.38 It seems northern 
children as like as other children in Iran39,40 and in the world30,41,42
DUHLQDWUDQVLWLRQSKDVHIURPSURWHLQDQGWUDFHHOHPHQWGH¿FLHQF\
to high calorie intake.
We did not evaluate all factors related to nutrition; e.g. food in-
take, physical activities, ethnicity and socio-demographic factors 
and a proper statistical test was not used for considering the de-
sign effect caused by cluster sampling. On the other hand, the time 
interval during three stages was not equal; therefore, the impact 
of socioeconomic factors on the secular trend would be evaluated 
RQWKHFRPSDULVRQRI¿QGLQJVLQWKUHHVWDJHV,QDGGLWLRQZHGLG
not estimate the participation rate. These are our limiting study 
factors.  
,QFRQFOXVLRQDOWKRXJKREHVLW\LVORZLQFKLOGUHQXQGHU¿YHLQ
rural areas in northern Iran, its causes are not similar during the 15 
years of study. A heterogeneous trend was seen in stunting, over-
weight and obesity. Although short stature was the main cause of 
obesity in 1998, extra weight was the main origin in 2013. Re-
QHZHG LQFUHDVHRIREHVLW\ LV UHPDUNDEOH LQXQGHU¿YHFKLOGUHQ
$FFRUGLQJWRWKHVH¿QGLQJVFKLOGUHQXQGHU¿YHDUHLQDQXWULWLRQ
transition phase and upward trend of obesity should be expected 
in northern Iran in future.    
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